WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
G01N 33/02 



Al 



(11) International Publication Number: WO 98/52037 

(43) International Publication Date: 19 November 1998 (19.1 1.98) 



(21) International Application Number: PCT/GB98/01300 

(22) International Filing Date: 15 May 1998 (15.05.98) 



(30) Priority Data: 
9709840.4 



15 May 1997 (15.05.97) 



GB 



(71) Applicant (for all designated States except US): SINCLAIR 

INTERNATIONAL LIMITED [GB/GB]; Jarrold Way, 
Bowthorpe. Norwich, Norfolk NR5 9JD (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BRIGGS, Peter, David, 
Sinclair [GB/GB); 80 Taverham Road, Norwich NR8 6SB 
(GB). 

(74) Agents: HILL, Richard et al.; Wilson Gunn M'Caw, 41-51 
Royal Exchange. Cross Street, Manchester M2 7BD (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK. ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ASSESSMENT OF THE CONDITION OF FRUIT AND VEGETABLES 



(57) Abstract 



An assembly for measuring the 
condition of fruit and vegetable is dis- 
closed which comprises an expand- 
able resilient bellows arrangement (10) 
having a passive sensor (22) mounted 
therein. In use, the bellows (10) can 
be expanded so as to bring the pas- 
sive sensor (22) into contact with, or 
adjacent to, an item of fruit or veg- 
atable whereby the sensor can react 
to a property of the fruit or vegetable 
and produces a signal related to that 
property. The bellows (10) can then 
be contracted away from the fruit or 
vegetable. The sensor (22) can de- 
tect the properties of, for example, sur- 
face gas detection, chlorophyll fluores- 
cence, visible and Near Infra Red spec- 
trometry and charge transfer. An ar- 
rangement is also disclosed in which a 
plurality of bellows (10) are mounted 
on a rotatable mounting (510) whereby 
by rotation of the mounting (510), the 
bellows (10) can be brought sequen- 
tially into a position in contact with, or 
adjacent to, a respective fruit or veg- 
etable. 
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ASSESSMENT OF THE CONDITION OF FRUIT AND VEGETABLES 

This invention relates to the assessment of the 
condition of fruit and vegetables. 

When fruit and vegetables are harvested it is often 
the case that the crop is of varying degrees of ripeness. 

Often no special steps are taken to separate the crop 
according to the extent of ripeness. As a result fruit 
and vegetables that are sent for storage may already be 
ripe and ready for consumption and unripe fruit and 
vegetables may be offered for sale. It is, therefore, 
a matter of chance to some extent whether the fruit and 
vegetables at the point of sale are in the optimum 
condition of ripeness for consumption. Ripe fruit and 
vegetables put into cold store tend to be over-ripe by 
the time they have been removed from the store and 
transported to the retail outlet. Frequently such 

produce cannot even be sold at all and has to be thrown 
away. This is a serious problem. It has been 

estimated that a very large quantity of fruit and 
vegetables is wasted because, being over-ripe when it 

arrives at the point of sale, it is unsaleable. 

Problems of a different kind arise with under-ripe 
produce. This may look quite acceptable when displayed 
at the point of sale. However, when a purchaser 

consumes unripe fruit or vegetables a strongly negative 
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impression is received. This may have the effect of 
persuading the purchaser not to buy such produce from the 
same retail outlet again. 

The present invention has been made in order to deal 
with this problem. 

According to the invention there is provided an 
assembly for measuring the condition of fruit and 
vegetables comprising plunger means, a passive sensor 
carried by the plunger means, said plunger means being 
adapted to bring the passive sensor into contact with, or 
adjacent to, an item of fruit or a vegetable whereby the 
sensor reacts to a property of said fruit item or 
vegetable to produce a signal related to said property. 

The invention is particularly suitable for 
installation in a packhouse where the fruit or vegetables 
are brought for grading after they have been harvested. 
Items of fruit travelling on a conveyor can be 
individually examined using the apparatus of the 
invention. The results of the examination, that is to 
ay the signal from the passive sensor, provides an 
indication of the ripeness or maturity of the fruit item 
or vegetable and thus the fruit or vegetables can be 
sorted according to the degree of ripeness or maturity. 
Under-ripe produce can be held back and sent to a store 
whereas more mature produce can be forwarded for 



s 
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immediate sale. There can be as many grades between 
these extremes, as may be desired. 

The property that the passive sensor is to read can 
be any property which is indicative of the condition of 
a fruit or vegetable item. Many of these are well 
known. The properties that are particularly preferred 
for measurement by the present invention include surface 
gas detection, chlorophyll fluorescence, visible and Near 
Infra Red spectrometry, charge transfer, delayed light 
emission and resonance. 

It is well known that as fruit and vegetables ripen 
there is emission of gas from their surface. This gas 
emission is indicative of the condition of the produce. 
The passive sensor can be adapted to take a sample of 
this surface gas emission from a fruit or vegetable item, 
which sample can then be analysed to provide a signal 
indicative of the condition of the produce. 

It is also known that chlorophyll fluorescence 
declines as ripening advances. In order to make use of 
that phenomenon the passive sensor may be an optical 
device such as one or more optic fibres. Alternatively 
a passive sensor may be used to scan produce by Near 
Infra Red spectrometry. This, as is known, gives an 
indication of the soluble solids in the produce. The 
major part of the soluble solids in most cases will be 
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sugars so this measurement gives an indication of the 
ripeness or maturity of the produce. It is also known 
that Near Infra Red spectrometry can give an indication 
of material structure and therefore this information can 
also be used to give an indication of the ripeness or 
maturity of the produce. 

It is further known that different ripeness of 
produce leads to the produce having different 
capacitance. Therefore an indication of the ripeness of 
the product can be provided by the capacitance of the 
produce. The capacitance of the produce can be measured 
by having the sensor comprising a charged capacitor, the 
presence of produce adjacent to which causes a variation 
in the charge stored in the capacitor, the amount of 
which is dependent on the capacitance of the produce and 
hence its ripeness. The change in stored charge on the 
capacitor can be detected by a second capacitor in what 
is known as "charge transfer sensing". 

In preferred embodiments of the invention the 
passive sensor is mounted on a plunger means such as a 
bellows, preferably of the kind that is used for 
labelling of fruit and is described in detail in US 
Patent No. 4217164. Such a bellows can be expanded by 
feeding pressurised air to the bellows and retracted by 
applying a vacuum to the bellows as is also described in 
the aforementioned US Patent No. 4217164. The expansion 
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and contraction of the bellows can readily be timed to 
coincide with the presentation, for example by means of 
a conveyor, of a fruit or vegetable item for assessment. 

Specific embodiments of the invention will now be 
described by way of example with reference to the 
accompanying drawings in which:- 

Fig.l is a diagrammatic part sectional elevation of 
a first embodiment of assembly incorporating a gas 
sensor; 

Fig. 2 is a diagrammatic part sectional elevation of 
a second embodiment of assembly incorporating an 
optical sensor; 

Fig. 3 is a diagrammatic part section of a third 
embodiment of assembly incorporating a charge 
transfer sensor; 

Fig. 4 is a diagrammatic part sectional elevation of 
a fourth embodiment of assembly incorporating 
concentric fibre optic cables contacting a fruit 
surface; 

Fig. 5 is a diagrammatic part sectional elevation of 
a fifth embodiment of assembly incorporating 
concentric fibre optic cables brought into close 
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proximity with a fruit surface; 



PCT/GB98/01300 



Fig. 6 is a diagrammatic part sectional elevation of 
a sixth embodiment of assembly incorporating fibre 
optic cables held a known standoff distance from the 
fruit and the device contacting the fruit. 

Fig. 7 is a diagrammatic part sectional elevation of 
a seventh embodiment of assembly incorporating 
external light sources which direct light onto the 
fruit, which light is reflected and collected by a 
fibre optic cable in the assembly; 

Fig. 8 is a diagrammatic part sectional elevation of 
an eighth embodiment of assembly generally similar 
to that of Fig. 7 but in which there is no contact 
between the fruit and the assembly; 

Fig. 9 is a diagrammatic part sectional elevation of 
a ninth embodiment of assembly in which a 
photodetector is carried in the assembly; 

Fig. 10 is a diagrammatic sectional elevation of a 
tenth embodiment of assembly in which maturity is 
detected using delayed light emission; 

Fig. 11 is a diagrammatic sectional elevation of an 
eleventh embodiment of assembly in which maturity is 
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detected using resonance; 

Fig. 12 shows a plurality of assemblies of the type 
shown in Figs. 1 to 9 mounted on a rotatable 
mounting; 

Fig. 13 is a schematic side view of one embodiment 
of the invention; 

Fig. 14 is a schematic side view illustrating the 
motion sequence of the impactor device of Fig. 13 as 
it is engaged by fruit moving along a conveyor 
beneath the impactor device (for clarity the pivot 
position of the device is moved horizontally in this 
Figure whereas, in reality the pivot of the device 
is fixed and the fruit travels past the device); 

Fig. 15 is a voltage/time graph illustrating the 
shapes of the electrical driving pulse for the 
impactor and the output pulses resulting from 
tapping fruits of different firmness; 

Fig. 16 is a block circuit diagram of signal 
processing circuitry suitable for use with the 
invention; 

Fig. 17 is a diagrammatic, part sectional elevation, 
of another embodiment of the invention; 
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Fig. 18 is a section on an enlarged scale of the 
impactor of the embodiment of Fig. 17; 

Fig. 19 is a fragmentary view of the impactor of 
Fig. 18; and 

Fig. 20 is a view, partly in section, of apparatus 
embodying the impactor device of Figs. 17 and 18 and 
taken transverse to the fruit conveyor. 

in the drawings, similar parts of the different 
embodiments have the same reference numerals. Referring 
to Fig. 1, the assembly for assessing the condition of 
fruit or vegetables comprises a bellows 10 of resilient 
material such as plastics or synthetic rubber and of 
light construction. The bellows is mounted at one end on 
an annular flange 12 projecting from a tubular, rigid 
bellows support 14. The construction of the bellows and 
means for admitting pressurized air to the bellows to 
expand the bellows downwardly (as shown in the drawing) 
and for applying a vacuum to the bellows to retract the 
bellows upwardly (as shown in the drawing) are described 
in U.S. Patent No. 4,217,164 and the contents of this 
patent are incorporated herein by reference. 

A passive gas sensor 20 is mounted at the free or 
distal end 24 of the bellows and is movable with the 
expanding and retracting movement of the bellows. As can 
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be seen in the drawing, the gas sensor is located inside 
the bellows, but has an open mount 22 substantially flush 
with the free or distal end surface 24 of the bellows. 
A tube 2 6 extends from the gas sensor through the bellows 
support to a gas analyser measuring means 28. The tube 
includes a coiled section 30 to enable the gas sensor to 
move with the bellows. 

In use the assembly is positioned above a conveyor 
carrying fruit or vegetable items. Normally the bellows 
has a vacuum applied to it to hold it in the retracted 
position as illustrated in Fig. 1. As an item of fruit 
or a vegetable passes beneath the bellows the vacuum is 
replaced by pressurized air causing the bellows to expand 
and contact the fruit or vegetable item. The gas sensor 
20 takes a measured volume of surface gas from the fruit 
or vegetable item. A vacuum system within the analyser 
31 draws the sample into the analyser for analysis. Very 
shortly after contact of the bellows with the fruit or 
vegetable item a vacuum is again applied to the bellows 
to retract it. The cycle is then repeated. 

The analyser 31 produces a signal in respect of the 
gas sample from each item of fruit or each vegetable. 
This signal can be compared with a predetermined scale in 
order to obtain an indication of the condition of each 
said item. That indication can in turn be used to grade 
the produce, for example, by diverting selected items 
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from the conveyor to be stored until more mature. The 
passive gas sensor 20 can operate at speeds of 
approximately 750-1,000 pieces per lane while sensing 
every piece of fruit or other produce. 

passive gas sensor 20 may be one of various designs 
known in the art, such as the gas sensor described by M. 
Benady et al in their article entitled "Fruit Ripeness 
Determination by Electronic Sensing of Aromatic Volatiles" 
published in 1995 Icansactlans of the ASAE , incorporated 
by reference as though set forth in full herein. That 
article describes an electronic sniffer having a passive 
semiconductor gas sensor. An example of a workable gas 
sensor is a Figaro Gas Sensor TGS822 made by Figaro of 
Osaka, Japan as the sensor of choice for melons. The 
sensor detects nine aromatic volatile compounds as 
described in the published article as well as C0 2 . The 
quantity of aromatic volatiles and increases with fruit 
ripening. The particular semiconductor sensor utilized 
for melons is a tin-dioxide (Sn0 2 ) semiconductor, whose 
conductivity increases in the presence of reducing 
compounds including combustible gases such as hydrogen, 
carbon, monoxide, methane and propane, as well as many 
volatile gases belonging to the alcohol, ketone, ester 
and benzol groups, some of which occur naturally in 
ripening fruit. 

The embodiment of Fig. 2 is similar to that of Fig. 
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1 except that a fibre optic bundle 40 replaces the gas 
sensor 20. The fibre optic bundle is coiled as at 42 to 
enable it to move with the bellows and is connected to a 
radiation source and detector assembly 44. 



In this embodiment , the radiation source, for 
example light or Near Infra Red, is directed onto a fruit 
or vegetable item contacted by or in close proximity to 
the expanded bellows and the resulting fluorescence or 
Near Infra Red spectrum respectively from the item can be 
detected by the detector assembly 44. The detector 
provides an output signal which can be compared with a 
predetermined scale to provide an indication of the 
condition of the produce. 

The embodiment of Fig. 3 shows an assembly in which 
the sensor detects the capacitance of a fruit. In this 
case the sensor 50 comprises a charged capacitor. The 
passage of produce in close proximity with the sensor 50 
induces a change in the stored charge in the sensor 50. 
The stored charge on the sensor 50 is then discharged 
into a second detection capacitor where the stored charge 
is detected in known manner. In practice the sensor and 
detection capacitors and can operate at any required 
speed to accommodate the feed of produce to the sensor. 
It is well known that the capacitance of produce depends 
on the ripeness and therefore measurement of the 
capacitance of produce provides an acceptably accurate 
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assessment of ripeness. In the embodiment of Fig. 3, the 
detection capacitor, switching device and analyser are 
all contained within the device indicated 58 in the 
figure which is connected to the sensor 50 via a cable 
56. 

An example of a capacitance system for measuring 
ripeness is shown in the article by Nelson and Lawrence 
entitled "Sensing Moisture Content in Dates by RF 
Impedance Measurements," published in Transactions of the 
ASAE , Vol. 35(2): March-April 1992, detector in the diode 
array spectrophotometer contained 102 4 discrete light 
sensing elements. The diode array detector used by 
Slaughter et al and which would be usable in the present 
invention is a model S1000 manufactured by Ocean Optics 
of Dunedin, Florida. Fibre optic probe dimeters of 
between 200 microns and 1,000 microns were utilized. 
Illumination levels of 100 and 200 watts were evaluated. 
It was not necessary for the fibre optic tube to actually 
contact the fruit, resulting in only a small loss of 
accuracy. A sensor was kept in close proximity to each 
piece of fruit for 0.25 seconds. The preferred 
combination of exposure time and probe diameter was 0.25 
seconds total exposure when used together with a 200 
micron fibre. When the probe was placed 0.5 inches from 
the surface of the fruit, the correlation only dropped to 
r = 0.89. As used herein, the phrase "close proximity" 
means 0.5 inches or less. 
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Another example of an acceptable photodiode is the 
Hamamatsu Series S6436 photodiodes. 

The embodiments of Figs. 4 and 5, show an assembly 
in which the sensor comprises a fibre optic bundle 14 0 
including two concentric tubes 148 and 149. Outer tube 
148 transmits the incoming light beam and inner tube 149 
transmits the reflected beam. In Fig. 4, the distal end 
2 2 of bellows 10 contacts the fruit and the lowermost 
ends of tubes 148 and 149 also contact the fruit. As 
shown in Fig. 5, the distal end 22 of bellows 10 may 
alternatively extend to within close proximity to the 
fruit surface, which in the case of fibre optics is a 
distance "d" of 0.5 inch or less. Another option, as 
shown in Fig. 6, is to form a recess 22a in the distal 
end 22 of bellows 10 so that the lowermost ends of tubes 
148 and 149 are brought to a known standoff distance from 
the fruit surface when the distal end 22 contacts the 
fruit . 

Figs. 7 and 8 show further embodiments of assembly 
in which the sensor comprises a fibre optic tube in which 
radiation sources 144 and 145 are positioned outside 
bellows 10 and the output beams 146 and 147 penetrate the 
fruit, causing a fluorescent beam to enter the tube 240. 
In the embodiment of Fig. 7, the distal end 22 of the 
bellows is brought into contact with the fruit surface 
whereas in the embodiment shown in Fig. 8, the distal end 
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2 2 of bellows 10 is brought into close proximity with, 
but does not contact, the fruit surface. Output beams 
146 and 147 are reflected off the fruit into tube 240. 

Fig. 9 shows a still further embodiment of assembly 
in which the sensor comprises a photodetector 340 carried 
in a recess 22a in the distal end 22 of bellows 10, which 
either senses reflected light from light sources position 
outside bellows 10 or senses light reflected from a light 
source carried by photodetector 240. 

An example of an optical system known in the prior 
art is one described in the article entitled "Non- 
Destructive Sensing of Quality Attributes in Peaches and 
Nectarines," 1997, by David Slaughter et al, of the 
University of California, Davis. That article is 
incorporated herein by reference. The system described 
therein is a high speed spectrophotometry system for 
measuring near infrared properties of intact peaches and 
nectarines. The system included three major components: 
1) a high speed diode array spectrophotometer, 2) a near 
infrared illumination source and 3) a high speed computer 
system. The light technique could be used in conjunction 
with the present invention as described in greater detail 
in the Beaudray et al article. 

Whilst in the embodiment of Fig. 9 a photodetector 
340 is described as being present in the distal end 22 of 
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the bellows 10 , it is to be understood that any number of 
sensors can be provided in the recess 22a and these 
sensors may be of the same type or of different types. 
In these circumstances the sensors will be of a 
sufficiently small size and preferably will be miniature 
sensors . 

A related optical technique is chlorophyll 
fluorescence, as described by Randolph M. Beaudry et al 
in the article "Chlorophyll Fluorescence: A Nondestructive 
Tool for Quality Measurements of Stored Apple Fruit/' 
1997, which article is incorporated herein by reference. 
The article describes optically sensing the chlorophyll 
fluorescence of various apples. The apples were placed 
4 mm from the end of a fibre optic light guide of a 
pulse-modulated fluorometer. The particular fluorometer 
was a Model OS-500 made by Opti-Science, U.S.A.. The 
chlorophyll fluorescence pages 591-596. This article is 
incorporated herein by reference. The article discloses 
the use of parallel plate capacitor to measure moisture 
contents of the flesh and pits of dates and the results 
were encouraging. 

Referring now to Fig. 10, there is shown an 
embodiment of assembly in which the sensor detects the 
intensity of delayed light emission (DLE) from a fruit 
after it has been illuminated by an external light source 
400. After illumination by the light source 400 , the 
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fruit will emit a low intensity light whose intensity 
will depend on the maturity of the fruit. The use of 
delayed light emission to measure the maturity of 
tomatoes is explained in more detail in an article 
entitled "Measurement of Tomato Maturity by Delayed Light 
Emission" by W.R. Forbes et al in The Journal of Food 
Science - Volume 50 (1985). 

A still further embodiment of an assembly is shown 
in Fig. 11 in which the sensor comprises a piezoelectric 
microphone 410. In this embodiment, the bellows 10 
incorporates a plunger 42 0 which when the bellows 10 
expands taps the surface of the fruit. After a series of 
gentle taps, the fruit resonates at a frequency 
determined by its weight and maturity. The detected 
frequencies are processed by a computer which produces an 
output indicative of the maturity of the fruit. 

Fig. 12 shows an arrangement in which a plurality of 
bellows 10, each incorporating a sensor 22 of the type 
described in any of the embodiments mentioned above, are 
mounted on a rotatable mounting 510. The rotatable 
mounting 510 can be rotatably driven in such a manner 
that, as the fruit passes under the mounting on the 
conveyor, in turn each of the bellows 10 can be arranged 
to contact a fruit passing under the mounting. 
Preferably the sensors 22 in each bellows 10 will be of 
the same type, however, should it be required for any 
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particular application, the sensors can be of different 
types . 

In all embodiments, the output from the sensor is 
analysed to form an output signal which is indicative of 
the maturity of the fruit or vegetable being measured. 
For example, in the embodiment of Fig. 1, a gas analyser 
28 is used. The present Applicants have realised that it 
may be possible, especially when miniature sensors are 
used, for the means analysis to be incorporated within or 
closely associated with the sensor whereby the means for 
analysis is actually contained within the bellows 10 
itself. This means that the output signal could be taken 
directly from the bellows 10 without necessitating 
further pressing. 

The invention is not limited to the above described 
embodiments and many modifications and variations can be 
made without departing from the invention. 

Thus for example further embodiments are shown in 
Figs. 13 to 20. 

The apparatus illustrated in Fig. 13 is designed to 
tap test fruit, such as avocado pears, as they are 
conveyed along a so-called "singulator" which is used in 
sorting depots to place fruit into individual cups from 
which they are deposited into different hoppers depending 
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on the degree of ripeness sensed by the test. The 
apparatus includes an impactor arm 1 which is pivoted at 
one end 2 above the singulator or conveyor (not shown) 
arranged to convey the items of fruit one at a time 
beneath the arm. At its outer end, the arm mounts the 
impactor device 3. The latter comprises a solenoid 4 
having its armature 5 projecting at one end from the 
solenoid casing and serving as an impactor which is 
arranged to tap the fruit passing beneath the arm. The 
armature 5 is advanced to apply a tap to a fruit in 
response to an electrical driving pulse applied to the 
solenoid and is spring biassed to return to its retracted 
position. The armature incorporates a force transducer in 
the form of a piezoelectric crystal which produces an 
electrical output pulse in response to the reaction force 
exerted on the armature as a result of applying a tap to 
a fruit. The solenoid 4 is triggered to apply a tap in 
response to the actuation of a microswitch 6 by a fruit 
travelling beneath the impactor and engaging a downwardly 
projecting actuating arm 7 of the microswitch. 

Between the solenoid 4 and the pivot 2, the arm 1 is 
fitted with rollers 8 to permit the arm to ride smoothly 
over fruit travelling beneath and engaging the arm 
preparatory to being tapped by the impactor. The fruit 
is protected from damage by the outer end of the arm by 
a further roller 9. Suitable stops 10,11 are mounted 
below and above the arm adjacent its pivot in order to 
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limit movement of the arm and prevent it from dropping 
too low and engaging the conveyor or being raised too 
high. 

The conveyor is of a known construction and, 
desirably, it should position the avocado pears or other 
fruit, under the impactor with the widest or most bulbous 
part of the fruit below the impactor. The fruit may be 
advanced along the conveyor with a rolling motion or be 
stationary about its axis. Referring also to Fig. 14, as 
each fruit 12 travels below the impactor arm 1, it 
engages the arm and pushes it upwards so as to move the 
impactor 3 into a position for tapping the fruit. When 
the fruit and impactor are in a predetermined position 
relative to one another, the fruit actuates the 
microswitch 6 by engaging the actuating arm 7 so that an 
electrical driving pulse is supplied to fire the solenoid 
4 and the armature 5 is actuated to tap the fruit. 

The firing position of the solenoid is at A on large 
fruit 12 and at B on small fruit 12' whilst the first 
contact position is C on large fruit and D on small 
fruit. These differences in contact positions are 
accommodated by firing the solenoid with the microswitch 
6. After tapping, each fruit continues to travel beneath 
the arm 1 and subsequently the arm is released from the 
fruit (position E) and returns to a rest position against 
the lower stop preparatory to engaging the next fruit on 
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the conveyor line. The roller 9 at the outer end of the 
arm protects the fruit from damage as the arm is 
released. 

As shown in the graph of Fig. 15, the solenoid 
driving pulse 13 is a square pulse and has finished 
before the tap impacts on a fruit so that the solenoid 4 
does not drive the armature into the fruit. The reaction 
force resulting from a tap applied by the solenoid 
armature striking the fruit is detected by the force 
transducer and is reproduced as a single electrical 
output pulse similar to pulses 14,15 shown in Fig. 15. 
The peak value and duration of the resulting output pulse 
depends on the firmness and therefore the ripeness of the 
fruit. Hence, the pulse 14 represents the pulse 
resulting from a tap test on an unripe or hard avocado 
whilst pulse 15 results from a tap test on a ripe or soft 
avocado. These output pulses may be processed in any of 
the ways described above in order to produce a 
measurement indicative of the ripeness of the fruit. 

Fig. 16 illustrates an electronic circuit for use 
with the tapping device described above and for 
processing the electrical output pulses produced by the 
device upon tapping fruit. The output pulses from the 
piezoelectric transducer of the impactor device 3 are 
fed by way of leads 16, an amplifier 17 and trigger unit 
18 to an analogue-to-digital converter 19 and then to a 
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buffer store 20. The trigger unit 18 operates in 
response to actuation of the microswitch 6 and ensures 
that the value of the output from the amplifier 17 covers 
the full duration of the pulse. When required, the 
output from the store 20 is fed to a computer 21 which 
processes the digital signal from the store in any of the 
ways described above to produce a measurement indicative 
of the ripeness of the fruit. In order that the 
measurement can be provided as a numerical output 
directly indicative of the ripeness, it will be necessary 
to calibrate the measurements produced against known 
ripening data for each species of fruit and its 
individual cultivars. 

Referring now to Figs. 17 and 18, an alternative 
embodiment of the impactor device 2 8 comprises a bellows 
30 of resilient material, such as, plastics or synthetic 
rubber, and of lightweight construction. Such a bellows 
is already known in connection with labelling machines 
for example as described in US-A-4 , 217 , 164 . The bellows 
is mounted on the projecting annular flange 31 of a 
rigid, tubular support 32. Means (not shown) are 
provided for applying a vacuum to the bellows to hold it 
in a retracted disposition, as illustrated in Fig. 17 and 
when appropriate, to supply pressurised air to the 
bellows to expand it downwardly (as viewed in Fig. 17). 

An impactor 33 is mounted on the inner surface of 
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the free end 34 of the bellows above an aperture 35 in a 
shaped nose piece 36 at the free end 34. The impactor 33 
is movable with the bellows when the bellows is expanded 
and retracted. It is electrically coupled by wires 37 to 
an amplifier 38 for signals from the impactor. 

The impactor 33 is shown in more detail in Fig. 18. 
It is mounted in a tubular housing 4 0 having an out- 
turned flange 41 at one end mounting the impactor on the 
inner surface of the free end 34 of the bellows 30. A 
cap 42 is provided at the opposite end of the housing 
which with said opposite end defines an internal annular 
shoulder or abutment 43. 

The impactor, itself, comprises an inner housing 44 
slidably disposed in housing 40. The end of the inner 
housing 44 adjacent the cap 42 is provided with a flange 
45. A compression spring 46 is positioned around the 
inner housing and bears at one end on the shoulder 43 and 
at its opposite end on the flange 45 so that the inner 
housing is urged upwardly (as viewed in Fig. 18). The 
upward movement of the inner housing is limited by 
engagement of the inner housing against the cap 42. 

Secured within the inner housing 44 is a solid slug 
52 which mounts a piezoelectric transducer 50 adjacent 
the end 51 of the inner housing remote from the cap 42. 
The end 53 of the slug projects from the end 51 of the 



OCID: <WO 9S52037A 1 J_> 



WO 98/52037 PCT/GB98/01300 

23 

inner housing for striking a fruit to be tested and is 
part spherically shaped. The transducer 50 is mounted in 
contact with the slug and the signal wires 37 are fed to 
a cavity 54 providing access to opposite sides of the 
transducer and permitting connection of the wires 37 
thereto, via an aperture 55 in the cap and passageways 
56,57 in the inner housing and slug (see also Fig. 19). 

In operation fruit or vegetable items are conveyed 
in sequence by a conveyor past the bellows. When a fruit 
item is underneath the bellows, expansion of the bellows 
is effected in response to control means which can be 
similar to the control means used for labelling, as 
described in the aforementioned US-A-4 , 2 17 , 164 . The 
bellows expand until the nose piece 36 at the free end 
contacts the fruit or vegetable item. At that instant 
further expansion of the bellows stops. However, the 
impactor 33 which moves with the expanding bellows 
continues moving until the slug 52 impacts against the 
surface of the fruit or vegetable item. The reaction 
force exerted on the slug 52 causes the piezoelectric 
transducer . 50 in contact with the slug to produce a 
signal which can then be processed in the same way as 
described in connection with Fig. 16. 

In Fig. 20, the impactor device 2 8 is shown 
installed in a ripeness testing machine and mounted above 
a fruit 60 which is passing below the device. The latter 
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is mounted on a frame structure 58 which is disposed 
above a conveyor 59 upon which the fruit 60 is 
transported. 

The tubular support 32 for the bellows of the 
impactor device communicates with a chamber 61 mounted on 
the frame structure 58 above the device. The chamber 61 
is connected at one side, via a port 62, to a pressurised 
air chamber 63 which is coupled to a source of air 
pressure by an inlet conduit 64. At its opposite side, 
the chamber 61 is connected, via a port 65, to a vacuum 
chamber 66 which is connected to a source of vacuum by a 
outlet conduit 67. The ports 62,65 are controlled by 
valve members 68,69 attached to a slidable valve rod 70 
which is reciprocated by means of an electrical solenoid 
71 and a return spring 72. The spring 72 urges the valve 
members 68,69 into positions in which the air inlet port 
62 is closed and the vacuum port 65 is open so that 
vacuum is applied to the support tube 32 and the bellows 
30 are retained in a retracted rest position. Actuation 
of the solenoid 71 slides the valve control rod 70 
against the action of the spring 72 to open the air inlet 
port 62 and close the vacuum port 65, thereby momentarily 
expanding the bellows so as to cause the nose 36 to 
contact a fruit 60 conveyed below the impactor device and 
the impactor to tap the fruit and produce an output pulse 
from the transducer 50. The solenoid 71 can be 
controlled in any convenient manner so as to actuate the 
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impactor device as each fruit 60 is advanced below it. 
The solenoid is triggered so as to open the valve member 
68 only briefly and apply air pressure to the bellows for 
a sufficient time to produce a driving force to initiate 
movement of the bellows and impactor towards the fruit, 
the arrangement being such that the impactor striking the 
fruit under its own momentum when the nose piece 36 of 
the bellows contacts and stops against the fruit. 
Immediately, thereafter, the bellows are contracted by 
exhaustion of air therefrom through the vacuum port 65 
and vacuum outlet conduit 67 to return the impactor 
device to its rest position. 

In order to optimise the ripeness measurement for 
each fruit, two or more impactor devices 2 8 may be 
mounted side-by-side in a row transversely of the 
conveyor 59 for simultaneously tapping each fruit so as 
to produce an output signal for each of a plurality of 
positions along the fruit axis disposed transversely to 
the direction of movement of the conveyor. The conveyor 
59 may be adapted to rotate each fruit as it is advanced 
by the conveyor and a plurality of the impactor devices 
2 8 may also be mounted in succession, or in successive 
rows, along the conveyor for successively tapping each 
fruit and producing an output signal for each of a 
plurality of positions about the fruit. 

Whilst particular embodiments have been described, 
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it will be understood that modifications can be made 
without departing from the scope of the invention as 
defined by the appended claims. For example, the signal 
processing may not require that the analogue output 
signal from the piezoelectric transducer be converted 
into a digital signal for processing by the computer, in 
which event, the analogue-to-digital converter 19 may be 
omitted from the circuit. Moreover, the rollers 8,9 on 
the impactor arm 1 may be replaced by strips of low 
friction material, such as PTFE. 
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CLAIMS 

1 . An assembly for measuring the condition of fruit and 
vegetables comprising plunger means, a passive sensor 
carried by the plunger means, said plunger means being 
adapted to bring the passive sensor into contact with, or 
adjacent to, an item of fruit or vegetable whereby the 
sensor reacts to a property of said fruit item or 
vegetable to produce a signal related to that property. 

2. An assembly according to claim 1, in which the 
sensor reacts to the production of surface gas by the 
fruit item or vegetable. 

3. An assembly according to claim 1, in which the 
sensor is operable to detect the chlorophyll fluorescence 
of the fruit item or vegetable. 

4. An assembly according to claim 1, in which the 
sensor is operable to detect the visible and Near Infra 
Red spectrograph of the fruit item or vegetable. 

5. An assembly according to claim 1, in which the 
sensor is operable to detect the change in a capacitance 
the fruit or vegetable item. 

6. An assembly according to claim 3 or claim 4, wherein 
said sensor comprises an optical device, for example one 
or more optical fibres. 
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7. An assembly according to claim 5, in which the 
sensor comprises a charged capacitor, the presence of a 
vegetable or fruit item adjacent to which causes a 
variation in the capacitance of the charged capacitor. 

8. An assembly according to any one of claims 1 to 7, 
in which the plunger means comprises a resilient bellows 
assembly which is capable of expansion under the action 
of pressurised air and retraction by application of a 
vacuum, the expansion and retraction of the bellows being 
timed so as to coincide with the presentation of a fruit 
or vegetable item for assessment. 

9. An assembly according to any one of claims 1 to 8, 
in which a plurality of plunger means are provided 
mounted rotatably on a mounting, said mounting being 
capable of rotation so as to bring each plunger means in 
sequence into a position where it can bring a sensor into 
contact with, or move adjacent to, an item of fruit of 
vegetable to allow said sensor to react to a property of 
said fruit or vegetable. 

10. An assembly according to claim 9, in which each said 
plunger means comprises an expandable resilient bellows. 
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